• Syn-depositional macropores generated in a palaeo soil can increase pore connectivity and 15 therefore the vertical hydraulic conductivity.
crete silt or sand layers [Wealthall et al., 2001; Cuthbert et al., 2009] , desiccation cracks [Wealthall 48 et al., 2001; Cuthbert et al., 2010] , fractures [Greve et al., 2010a; Rudolph et al., 1991; McKay 49 et al., 1993] and paleo organic matter [White et al., 2008] . Indeed, preferential flow paths have 50 been documented to exhibit a hydraulic conductivity (K) several orders of magnitude faster than using a Treifus triple-tube core barrel [Acworth et al., 2015] . The core barrel was 1.5 m long but 126 as the cores were collected by pushing the central tube down while rotating the outer drill bit, the Further details on methods to minimize disturbance to the cores during sampling and labo-132 ratory testing are detailed by [Timms et al., 2016] . Minimizing structural and moisture changes to 133 these clayey cores was important for reliable characterization of macropores and hydraulic con-134 nectivity.
135
A graphical summary of some of this earlier work is presented in Figure 2 to provide overall 136 context for the location of sediment samples described in this study. The entire 31 m sequence at
137
Cattle Lane has previously been dated, using a combination of radio-carbon and optically stimu-138 lated luminescence, to be younger than approximately 120 ka [Acworth et al., 2015] .
139
The depth to the saturated zone at this site is less than a meter or two below ground [Timms 140 and Acworth, 2005; Acworth et al., 2017] . Pore pressures within the clay sediments respond to 141 barometric and earth tide strains and loading of moisture within the surface soils [Acworth et al., 142 2016 [Acworth et al., 142 , 2017 . Swelling during wetting of these smectite soils was observed to close surface cracks 143 that were up to 30mm wide, resulting in a more homogeneous soil [Greve et al., 2010b [Greve et al., , 2012 . A 144 transition from crack flow to matrix flow in response to increasing moisture occurred at depths of 145 at least 0.5m from the surface during laboratory experiments [Greve et al., 2012] . Dye tracing of 146 cores in this study were from depths below the saturated zone and surface cracking. 
Particle size distribution

155
Samples used for particle size distribution (PSD) analysis were obtained from the non-ro-156 tating shoe at the cutting end of the core barrel to avoid disturbing each core within the liner. Each BGL (below ground level) were reported by Crane et al. [2015] and Timms et al. [2016] . Details 175 are provided on steps to ensure reliable K measurements of intact samples [Crane et al., 2015; 176 Timms et al., 2016] , primarily related to core storage, stress application and detection of rapid 177 leakage. Potential errors were evaluated and minimized for example, by using relatively large di-178 ameter cores (101.6 mm) and application of stresses less than or equivalent to in situ stresses at 179 the depth of core collection.
180
After those K measurements were complete, separate dye tracing tests were completed on trifuge permeameter testing. The soil was kept wet by sealing the sample in a special core holder.
199
The core was imaged in circular acquisition mode on the custom-built UNSW Tyree X-ray CT fa- higher resolution micro-CT images used smaller cores that could not evaluate large scale features.
205
For example, the relationship between the resolution of micro-CT images that was possible on 206 sandstone cores 5 to 25 mm diameter was investigated by by Botha and Sheppard [2016] .
207
Initial beam hardening and ring artifacts in the tomographic images were removed using 208 Gaussian-based filters. The reconstructed tomogram was segmented into soil matrix, water-filled 209 pore regions, and gas-filled large pore regions using the techniques described by Sheppard et al.
210
[2004] and Arns et al. [2005a] . The combined gas and water filled pore space in the 3D segmented 211 image was then used to determine 3D topology and geometry of the pore space. A pore-throat 212 network was extracted from the combined gas and water phases to facilitate analysis of local pore 213 geometry and the associated topology (connectivity) in 3D pore space [Arns et al., 2007] . The 214 extraction method of the pore-throat geometry and topology originates from the drainage flow dis-215 placement mechanism observed on glass models by Lenormand et al. [1983] . In particular, a non-216 wetting phase (i.e. gas) invading the pore space does so in a series of events, with large throats 
Results
228
Particle size distribution (PSD) results
229
The net-to-gross ratio derived from particle size results of core samples as a function of 230 depth BGL is displayed in Figure 2 , where net denotes the sand plus gravel (particle size >63 µm) tivity between stacked sand (particle size 63-2,000 µm) and gravel (2,000-64,000 µm) bodies is 234 assumed. Below 0.3, there is a relatively low hydraulic connectivity between such particles due to 235 the presence of relatively large concentrations of silt (particle size 2-63 µm) and clay (particle size 236 <2 µm) particles and the improbability of pore interconnection that would allow fluid migration.
237
The net-to-gross ratio is low in the Cattle Lane core to a depth of 12 m. This correlates with The mean coordination number from CT imaging is a natural measure of pore connectivity 316 (i.e. the average number of channels connected to a nodal pore). However, Bernabe et al. [2016] 317 consider that a number of scale-invariant factors (i.e. properties that do not change if length scales 318 are multiplied by a common factor) could also contribute to connectivity including pore shape, 319 orientation, and pore-scale heterogeneity. Heterogeneity and connectivity are particularly impor-320 tant factors for the permeability model of Bernabe et al. [2016] . However, consideration of such 321 models for permeability and connectivity, based on measurements during CT imaging, are beyond 322 the scope of this paper. Figure 8 indicates that the center of the core sample contains a very large macropore (mm 338 scale), which is gas filled. We note that while the pore network is connected to the outside, a per-339 colation check [Hoshen and Kopelman, 1976] on the gas phase demonstrates that this pore is not 
